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Abstract
Introduction
Given the high prevalence of malnutrition in a malaria-endemic setting, improving nutritional
status could serve as a tool to prevent malaria. However, the relationship between the two
conditions remains unclear. Therefore, this study assessed the association between under-
nutrition and malaria among a cohort of children aged 6 to 59 months old.
Methods
Two cohorts of children were followed for 89 weeks in a rural Rift Valley area of Ethiopia. In
the first approach (malaria-malnutrition), a cohort of 2,330 non-stunted and 4,204 non-
wasted children were included to assess under-nutrition (outcome) based on their previous
malaria status (exposure). In the second approach (malnutrition–malaria), a cohort of 4,468
children were followed-up to measure malaria (outcome), taking under-nutrition as an expo-
sure. A weekly home visit was carried out to identify malaria cases. Four anthropometry sur-
veys were conducted, and generalized estimating equation (GEE) method was used to
measure the association between undernutrition and malaria.
Results
The prevalence of stunting was 44.9% in December 2014, 51.5% in August 2015, 50.7% in
December 2015 and 48.1% in August 2016. We observed 103 cases with 118 episodes of
malaria, 684 new stunting and 239 new wasting cases. The incidence rate per 10,000
weeks of observation was 3.8 for malaria, 50.4 for stunting and 8.2 for wasting. Children
with malaria infection, [Adjusted Odds Ratio (AOR) = 1.9; 95% Confidence Interval (CI),
1.2–2.9)] and younger age (AOR = 1.3; 95% CI, 1.1–1.5) were more likely to be stunted.
Furthermore, children with malaria infection (AOR = 8.5; 95% CI, 5.0–14.5) and young age
group (AOR = 1.6; 95% CI, 1.2–2.1) were more likely to be wasted. However, stunting and
wasting were not risk factors of subsequent malaria illness.
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Conclusions
Malaria infection was a risk factor for stunting and wasting, but stunting or wasting was not
associated with subsequent malaria illness. As our study shows that malaria is a risk factor
for stunting and wasting, a close follow-up of the nutritional status of such children may be
needed.
Trial registration
PACT R2014 11000 882128 (8 September 2014).
Introduction
Malaria is a public health problem in the developing world; particularly in sub-Saharan Afri-
can countries where malaria kills a child every two minutes [1]. The disease remains one of the
major challenge for people’s health and livelihood around the world [1]. On the other hand,
malnutrition is an underlying cause of death for approximately 45% of children under the age
of five years [2]. Globally, 161 million children under five years old were stunted, and 51 mil-
lion were wasted in 2012 [3, 4]. One-third of the world’s stunted children were living in sub-
Saharan Africa [5]. Malnutrition could refer both to under- and over-nutrition [6], but in this
study we use the term to refer to under-nutrition (stunting, underweight and wasting).
In Ethiopia, malaria is a common cause of childhood illness [1, 7].Nearly, 68% of the land
mass of the country have ecological characteristics favourable for malaria transmission, and
about 60% of the population is at risk of malaria infection [8]. The transmission of malaria is
seasonal and unstable [8]. Plasmodium falciparum (60%) and P.vivax (40%) are the two main
causes of malaria [9]. According to the recent malaria indicator surveys, the national preva-
lence of malaria among children was 1.4% in 2011[7] and 0.6% in 2015 [10]. A pilot study con-
ducted for the preparation of a community based malaria prevention trial in Adami Tulu
district, Ethiopia (same study area with current study) in 2013, has shown a malaria incidence
of 6.8 cases per 10,000 person weeks of observation among children [11]. In addition, under-
nutrition is a major public health problem in the country. According to the 2016 Demographic
and Health Survey (DHS), 47% of rural children were stunted and 10% were wasted [12–14].
Good nutrition and healthy growth during a period from conception to a child’s second
birthday—the 1,000 days—have lasting benefits throughout life, and undernourished children
reaching this age could suffer from irreversible health problems [15]. Under-nutrition could
be the result of poor dietary intake often combined with infectious disease [16]. On the other
hand, malnutrition is a well-known underlying cause for many infectious disease-related
causes of child deaths [17, 18]. Malaria and malnutrition co-exist in a setting where the two
conditions are highly prevalent [19]. However, the relationship between malaria and under-
nutrition is complex and remains unclear. Previous research shows mixed findings, e.g.: a
community-based survey from Ghana showed underweight as a contributing risk to malaria
infection [18], whereas results from a follow-up study and repeated cross-sectional surveys
showed stunting as a contributing risk to malaria [20]. A case-control study from Ethiopia
reported wasting as a contributing risk to malaria [21]. Some cohort studies showed a lower
contributing risk to malaria infection among malnourished children [22–24], although results
from other cross-sectional surveys did not report any association between malaria and malnu-
trition [25, 26]. Meanwhile, others observed malaria infection as a risk factor for under-
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nutrition [27–29]. In summary, most of the studies assessing the possible association between
malaria and malnutrition were either institutional-based surveys that could not be generaliz-
able [30], or community-based cross-sectional studies, which could have less strength of evi-
dence to support a causal relationship [25]. Moreover, both case control [21] and cohort [31]
studies show inconsistent findings.
Long-lasting insecticidal nets (LLINs), indoor residual spraying (IRS) and prompt diag-
nosis and treatment are the primary tools in reducing malaria-related illness and deaths [1].
In the meantime, evidence on the relationship between under-nutrition and malaria could
also be used as an additional means to help the current malaria control activities. Given the
high prevalence of malnutrition in a malaria-endemic setting, and if malnutrition is associ-
ated with malaria, improving nutritional status could serve as a tool to prevent malaria.
However, in Ethiopia, there is a scarcity of follow-up studies measuring the relationship
between the two conditions. Therefore, the general objective of this study was to assess the
association between malaria and under-nutrition among a cohort of children aged 6 to 59
months old. The specific objectives were: 1) to assess the association between under-nutri-
tion as an exposure and subsequent malaria infection, and 2) to evaluate the association
between malaria as an exposure, and under-nutrition as outcome among children aged 6 to
59 months old.
Materials and methods
Study area
The study profile of the participants was presented in Fig 1. The study was conducted in 13
kebeles (the lowest government administrative unit) in the Adami Tullu district, located 160
km south of Addis Ababa (Fig 2). According to the 2007 census, children under the age of five
accounted for 12% of the total estimated population (147,000) of the district [32]. The total
annual rainfall in 2014 (recorded for 8 months) was 673 mm, decreasing to 471 mm in 2015
[33]. The primary livelihood of the study population is based on rain-fed agriculture and live-
stock rearing, while cereal crops such as maize, wheat and teff are the main crops growing in
the district. The study area was affected by repeated droughts and famines in the past few
decades [34]. In 2015 and early 2016, the El Nino-triggered drought caused a serious food
shortage [35], and the residents were getting food aid. Malaria and malnutrition were the
major public health problems in the district [11, 36]. Each Kebele has one health post staffed by
two community health extension workers. The health post provides basic health services,
including the distribution of LLINs, the diagnosis of malaria with RDT and treatment with
antimalarial drugs, as well as nutritional intervention, such as treatment for severe acute mal-
nutrition and de-worming.
Study design and participants
This study was a part of a malaria prevention trial, and the details have been presented in an
earlier publication [37]. In brief, the trial was a cluster randomized controlled trial, and the
unit of randomization was a village. The study villages were selected randomly from those
within 5 km from Lake Zeway. The trial was based on four arms: LLINs + IRS, LLINs alone,
IRS alone and control arms.
In this study on the association between malaria and under-nutrition, two cohort studies
were followed-up from December 2014 to August 2016 with weekly visits. In the first cohort
(called the malaria-malnutrition cohort), malaria was the main exposure and under-nutrition
was the outcome. In this cohort, 2,330 non-stunted and 4,204 non-wasted children were con-
sidered as the study subjects (supplementary "S1 Fig and S2 Fig"). In the second cohort (called
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malnutrition–malaria cohort), a cohort of 4,468 children was enrolled using anthropometry
surveys, and followed to determine malaria incidence (outcome) based on nutritional status
(exposure).
Fig 1. Study profile of children, in Adami Tullu District in south-central Ethiopia 2014–2016. ¥ The broken line to
the left of the fourth survey box indicates newly joined children during the last survey (August 2016) and not followed
for malnutrition. Thus, they were not included in the cohort study. However, they were included in the calculation of
prevalence of undernutrition.
https://doi.org/10.1371/journal.pone.0190983.g001
Fig 2. Map of the study area with location of households in Adami Tullu District in south-central Ethiopia. Re-
print under a CCBY license, with permission from Deressa et al. Trials (2016).
https://doi.org/10.1371/journal.pone.0190983.g002
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Sample size estimation
The sample size calculation for the main trial has been presented elsewhere[37]. In brief, the
calculated sample size was 44 villages per four arms (LLINs+ IRS, LLINs alone, IRS alone and
control arm), with each village having approximately 35 households. Overall, roughly 31,000
people in 6,072 households were included in the trial. In this study on the association between
malaria and malnutrition, we followed all children (4468 children) aged 6 to 59 months who
participated in the main trial. The total number of non-stunted children was 2,330, and the
number of anthropometric measurements ranged between 1 and 4 for each child. Whereas,
the total number of non-wasted children was 4,204, and the number of anthropometric mea-
surements ranged from 1 to 4 for each child.
Data collection
A household census was conducted to collect data on demographic and socioeconomic vari-
ables using a pre-tested interviewer-administered structured questionnaire. The data collectors
were diploma graduate personnel. We carried out weekly home visits searching for children
with a history of fever over the past 48 hours. The identified cases were referred to health posts
for a malaria diagnosis. In addition, the families were advised to visit the health post between
the visit days if their child developed a fever.
Malaria diagnosis
According to the World Health Organization (WHO) recommendation, the two methods cur-
rently considered suitable for routine patient management are light microscopy and RDT [38].
The gold standard for over a century, light microscopy is useful to identify the Plasmodium
parasite presence, species and accurate parasite counting (identification of high parasite den-
sity). However, high quality light microscopy requires well-trained, skilled staff, good staining
reagents and electricity to power the microscope [38]. Whereas, rapid diagnostic tests (RDTs)
based on lateral flow immune-chromatography, which can be done with little training, and
have made malaria diagnostic tests accessible to the larger community [39]. In Ethiopia, light
microscopy is used to diagnose malaria at the health centers and hospitals, whereas, at commu-
nity health posts, the diagnosis of malaria is made using rapid diagnostic testing [40]. For the
current study, we used RDT for malaria diagnosis. However, RDT does not measure malaria
parasite counts. Therefore, we did not assess the association between malaria parasiteamia or
severity and malnutrition.
At the health post, capillary blood samples were collected through a finger prick, and
malaria was diagnosed using a multispecies P.falciparum and P.vivax RDT Care Start TM pro-
duced by Premier Medical Corporation Limited in India.
Anthropometry survey
We conducted four anthropometric surveys in December 2014, August 2015, December 2015
and in August 2016. A standard wooden board was used to measure height or length, and a
calibrated Salter spring scale was used to measure the weight of the children. The data collec-
tors were trained, the instrument was standardized in the field work and the inter-rater reli-
ability of the tools were analyzed [41]. The intra-technical error of measurement was 0.08 kg
for weight and 0.14 cm for height, whereas the inter-technical error of measurement was 0.1kg
for weight and 0.2 cm for height. The weight measuring scale was adjusted, and the weight was
read to the nearest 0.1 kg. The length of children less than 24 months old was taken in the
recumbent position, while for the older children the height was measured standing on a
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vertical measuring wooden board, which was read to the nearest 0.1 cm. Using the 2006 WHO
multi-center growth reference study [42], weight for height (WHZ), height for age (HAZ) and
weight for age (WAZ) were calculated. The children were classified as wasted with a WHZ <
-2 Z score, stunted with a HAZ< -2 Z score and underweight with a WAZ< -2 Z score.
Statistical analysis
Data were entered into IBM SPSS version 21 (SPSS Inc, Chicago, USA), and analyzed using
STATA version 14 (StataCorp, Texas, USA). Descriptive statistics were used to summarize the
data, and nutritional indices were calculated using the Emergency Nutrition Assessment
(ENA) for SMART software 2011 [43]. A household wealth index was constructed using prin-
cipal component analysis technique [44]. We included 14 variables that were related to house-
hold assets and livestock ownership [45], and the constructed index was used to categorize the
households into three socio-economic classes, including rich, middle and poor.
The prevalence of under-nutrition was calculated for each survey, whereas the incidence of
stunting, wasting and malaria was calculated per person-weeks of observation.
In the malaria-malnutrition cohort, the outcome variables stunting and wasting were
assessed using anthropometric measurements. Because we only did anthropometry twice a
year, it was difficult to capture the actual start of stunting or wasting, as the time of start of
stunting or wasting could have occurred earlier than the time at diagnosis. Therefore, the use
of time from malaria diagnosis to stunting or wasting diagnosis as an endpoint could result in
underestimation of the incidence rate ratio of stunting or wasting, and could limit the use of
Cox regression. On the other hand, the standard logistic regression could not allow for the
repeated measures of the outcome variables, and could underestimate the standard error.
However, the generalized estimating equations (GEE) procedure extends the generalized linear
model to allow for analysis of repeated measurements [46]. The repeated observation within
one subject are not independent of each other, and therefore, GEE helps to correct for these
within-subject correlations. In this study, stunting or wasting (outcome) was measured four
times for a child, and the variable stunting or wasting was dichotomous that follows a binomial
distribution. Thus, a logistic generalized estimating equation (GEE) was used to allow the
repeated measures for the outcome variables, stunting or wasting. The specified probability
distribution was binomial with logit link function and the working correlation matrix struc-
ture was exchangeable. The covariance matrix was robust estimator, and the scale parameter
was Person chi-square (χ2). A hybrid with a maximum Fisher scoring iteration of 1 was used
as a parameter estimation method. The main effect was the term used to build the reported
model, and Kernel was specified for the log quasi-likelihood function. Child age, gender,
malaria infection, wealth index, education of the household head and intervention arms were
considered as the potential risk factors of stunting and wasting for each child. Lastly, the bivar-
iate and multivariate logistic regression analysis were carried out and odds ratio was reported.
In the undernutrition-malaria cohort, the outcome variable, malaria case was assumed to
follow a binomial distribution. The main exposure variables wasting and stunting were mea-
sured twice yearly and the outcome malaria variable (malaria) was identified through weekly
home visit and patient self-referral between the visit days. Hence to account for within subject
measurement correlations, a logistic GEE model was fitted taking into account child age, gen-
der, stunting, wasting, wealth index, education of the household head and intervention arm as
the potential risk factors of malaria cases for each child. To construct the model the following
were specified: the scale parameter was Pearson χ2, the scale weight variable was the number of
weeks a child had been observed, the covariance matrix was robust estimator and a hybrid
with maximum Fisher scoring iteration of 1 as parameter estimation method. The specified
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log-likelihood function was Kernel, and the main effect was the term used to build the model.
Bivariate and multivariate analysis were done to measure the risk factors of malaria, and odds
ratio was reported.
Ethical issues
Ethical clearance was obtained from the Institutional Review Board of the School of Public
Health at Addis Ababa University, the National Ethical Committee of the Ministry of Science
and Technology in Ethiopia (ref: 3.10/446/06) and the Regional Committee for Medical and
Health Research Ethics, Western Norway (ref: 2013/986/REK Vest). A written permission let-
ter was obtained from the Oromia Regional Health Bureau, East Shewa Zonal Health Depart-
ment and the Adami Tullu District Health Office. As the majority of the study population
cannot read and write, we had a challenge to get written consent. Thus, a verbal consent was
obtained from the parents or caretakers before collecting the blood samples and anthropomet-
ric measurements of the children. A standard information sheet was used to explain the pur-
pose of the study, and the participants were informed that participation was voluntary and that
they had the right to withdraw any time during the study. They were assured that refusal to
participate in the study would not affect their health service utilization at the health posts. This
information was read to them using the information sheet in their own language, and their
consent was recorded using check (
p
) mark. We also strictly supervised the data collectors,
whether they are following the information sheets or not. Later, this document was stored at
our field research station. Those children who were positive for malaria, and severely acutely
malnourished, were treated according to the national treatment guidelines [40, 47]. Accord-
ingly, those with P. falciparum or a mixed infection were given Artemether-Lumefantrin,
while children with P. vivax were treated with Chloroquine.
Results
Participants and prevalence of under-nutrition
The mean (SD) age of the children in months was 33.6 (14.4) in December 2014, 37.4 (15.0) in
August 2015, 35.6 (14.8) in December 2015 and 36 (15.2) in August 2016 surveys. Nearly 49%
of them were girls in all the surveys (Table 1).
The overall prevalence of stunting was 44.9% in December 2014, 51.5% in August 2015,
50.7% in December 2015 and 48.1% in August 2016. The prevalence of underweight was
17.2% in December 2014, 21.7% in August 2015, 16.3% in December 2015 and 18.7% in
August 2016, while the prevalence of wasting was 7.2% in December 2014, 5.7% in August
2015, 4.0% in December 2015 and 6.9% in August 2016 (Fig 3).
Prevalence of stunting and wasting: Correlation with prevalence of malaria. As shown
in Fig 4, stunting increased, but malaria prevalence decreased during the second and third sur-
veys compared to the first survey (December 2014). We observed no significant correlation
between prevalence of stunting and malaria (Spearman’s correlation coefficient was -0.32, P-
value = 0.684), and also no significant correlation between wasting and malaria (Spearman’s
correlation coefficient was 0.31, P-value = 0.68).
Malaria-malnutrition cohort
Incidence of stunting. We observed 684 new stunting cases during the 89 weeks of fol-
low-up; of which, 285 (41.7%) were severely stunted (HAZ <-3 z-score). Stunting was highest
in the age group from 23–35 months (46%), followed by the age group 6–23 months (28.4%)
and those above 36 months old (26.5%). The incidence rate of stunting was 50.3; (95% CI,
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46.7–54.3) per 10,000 person-weeks of observation. The stratified analysis of stunting by
malaria status and age group showed that age was not an effect-measure modifier of malaria
effect (a risk ratio of 1.0 among children aged 6–23 months, 0.8 in the age group above 24
months, an overall crude risk ratio of 0.9 and an adjusted risk ratio of 0.9).
Risk factors of stunting. The fitted GEE model showed that younger age (AOR = 1.3;
95% CI, 1.1–1.5) and malaria infection (AOR = 1.9; 95% CI, 1.2–2.9) were risk factors of stunt-
ing after adjusting for the previous height-for-age (6 months preceding anthropometry sur-
vey). However, wealth status, education of household head, gender and intervention arms
were not found to be the risk factors for stunting (Table 2).
Incidence of wasting. Overall, 239 new wasting cases were registered, with severe wasting
(WHZ<-3Z-score) accounting for 31% (74/239). The incidence rate of wasting was 7.2, (95%
CI, 6.3–8.1)/10,000 person-weeks of observation.
Risk factors of wasting. In the GEE analysis, children in the younger age group
(AOR = 1.6; 95% CI, 1.2–2.1) and children with malaria illness (AOR = 8.5; 95% CI, 5.0–14.5)
were more likely to be wasted after adjusting for the previous weight-for-height (6 months pre-
ceding anthropometry survey). Nonetheless, education of household head, wealth status of the
family, gender and intervention arms were not associated with wasting (Table 3).
Table 1. Characteristics and nutritional status of children in Adami Tullu District in south-central Ethiopia, 2014–2016.
Variables December 2014 (n = 2,945) August 2015 (n = 2,528) December 2015
(n = 3,044)
August 2016
(n = 2,790)
Number (%) Number (%) Number (%) Number (%)
Gender
Boy 1,497 (50.8) 1,302 (51.5) 1,538 (50.5) 1,419 (51.9)
Girl 1,448 (49.2) 1,226 (48.5) 1,506 (49.5) 1,371 (49.1)
Age in months
6–35 1,461 (49.6) 1,105 (43.7) 1,462 (48.0) 1,274 (45.7)
36–59 1,484 (50.4) 1,423 (56.3) 1,582 (52.0) 1,516 (54.3)
Household Head education
Illiterate 1,689 (57.4) 1,465 (58.0) 1,794 (58.9) 1,624 (58.2)
Primary 936 (31.8) 775 (30.7) 916 (30.1) 855 (30.6)
Secondary and above 320 (10.8) 288 (11.3) 334 (11.0) 311 (11.2)
Wealth status
Poor 945 (32.0) 801 (31.7) 1,045 (34.3) 961 (34.4)
Middle 1,000 (34.0) 875 (34.6) 1,015 (33.3) 942 (33.8)
Rich 1,004 (34.0) 852 (33.7) 984 (32.4) 887 (31.8)
Intervention arm
IRS + LLIN 741 (25.2) 707 (28.0) 797 (26.2) 739 (26.5)
LLIN alone 752 (25.5) 569 (22.5) 784 (25.8) 734 (26.3)
IRS alone 670 (22.8) 541 (21.4) 679 (22.3) 630 (22.6)
Routine 782 (26.5) 711 (28.1) 784 (25.7) 687 (24.6)
Anthropometric indicators
Median (IQR) HAZ -1.8 (-2.8- -0.8) -2.1 (-3.2- -0.9) -2.0 (-2.9- -1.1) -1.9 (-2.8- -1.0)
WAZ -1.0 (-1.7- -0.4) -1.8 (-1.1- -0.3) -1.05 (-1.7- -0.4) -1.12 (-1.7- -0.4)
WHZ -0.07 (-0.1–0.02) 0.2 (0.1–0.3) 0.1 (0.06–0.2) -0.01 (-0.8–0.7)
IQR: Interquartile Range; IRS: Indoor Residual Spraying; LLINs: Long Lasting Insecticidal Nets
HAZ: Height-for-Age; WAZ: Weight for Age; WHZ: Weight-for-Height
https://doi.org/10.1371/journal.pone.0190983.t001
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Malnutrition-malaria cohort. Overall, 103 malaria cases with a total of 118 episodes of
malaria were observed between December 2014 and August 2016. Of all children diagnosed
with malaria, 12 children had more than one malaria episode. Slightly over half (53%) of the
malaria cases were due to P. falciparum, followed by P. vivax (36%) and mixed infections
(11%). The incidence of malaria was 3.8 (95% CI, 3.1–4.6)/10,000 person-weeks of
observation.
Risk factors of malaria. The logistic GEE model showed that being in the poorest families
AOR = 3.3; 95% CI, 1.7–6.3) were more at risk of malaria compared to children in rich
Fig 3. Prevalence of under-nutrition among children in Adami Tullu District in south-central Ethiopia, 2014–
2016. I: Bar with 95% confidence level.
https://doi.org/10.1371/journal.pone.0190983.g003
Fig 4. Prevalence of stunting, wasting and period prevalence of malaria among children in Adami Tullu District
in south-central Ethiopia, 2014–2016.
https://doi.org/10.1371/journal.pone.0190983.g004
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families. However, stunting, wasting, gender, age, education of head of household and inter-
vention arms were not associated with increased risk for malaria (Table 4).
Discussion
In this study, malaria infection in the six months preceding the anthropometry survey was a
risk factor for stunting and wasting. Even so, stunting or wasting did not contribute to an
increased risk of malaria infection.
Our study was based on data from a large cohort of children recruited from a rural commu-
nity, and the follow-up was for a relatively longer period of time (89 weeks). The continuous
supply of Artemether-Lumefantrin and Chloroquine, the availability of a dedicated project
staff in the health post and weekly active searches for cases motivated the residents to seek
early diagnosis and treatment for malaria.
In our cohort studies the outcome variable is repeatedly measured; that means the outcome
variable (stunting, wasting and malaria) is measured in the same child on several different
occasions (four cross-sectional studies for undernutrition and weekly for malaria). In such
studies the observations of one child over time are not independent of each other, and thus it
is necessary to apply GEE method to fit logistic regression model, which consider the fact that
the repeated measures of each child are corrected [46]. The outcome and main exposure vari-
ables (malaria and undernutrition) were measured using objective standard measurement
tools.
Table 2. GEE model for stunting in children living in Adami Tullu District in south-central Ethiopia, 2014–2016.
Variables (N = 9320) Unadjusted
OR (95% CI)
Adjusted
OR (95% CI)
P-value
Gender Boy 1.0 (0.9–1.2) 1.1 (0.9–1.3) 0.23
Girl 1 1
Age in months 6–35 1.3 (1.1–1.4) 1.3 (1.1–1.5) 0.002
36–59 1 1
Malaria infection¥ Positive 1.9 (1.2–2.9) 1.9 (1.2–2.9) 0.01
Negative 1 1
Previous height-for-age† <-2Z-score 12.0 (9.5–15.3) 12.3 (9.8–15.8) <0.001
-2Z-score 1 1
Wealth Status Poor 1.2 (1.0–1.5) 1.2 (0.9–1.5) 0.13
Middle 1.1 (0.9–1.3) 1.1 (0.9–1.3) 0.51
Rich 1 1
Education: household head No formal 1.1 (0.8–1.5) 1.1 (0.9–1.5) 0.42
Primary 1.4 (1.1–1.8) 1.3 (1.0–1.8) 0.05
Secondary and above 1 1
Intervention arm IRS+ LLINs 1.1 (0.9–1.5) 1.1 (0.8–1.4) 0.4
IRS alone 1.2 (0.9–1.5) 1.1 (0.9–1.5) 0.39
LLINs alone 1.0 (0.8–1.3) 1.0 (0.7–1.2) 0.91
Routine 1 1
¥: malaria illness in the previous months preceding anthropometry survey
†: Height-for-age 6 months preceding anthropometry survey
OR: Odds Ratio; CI: Confidence Interval
: P <0.05
IRS: Indoor Residual Spraying; LLINs: Long Lasting Insecticidal Nets
https://doi.org/10.1371/journal.pone.0190983.t002
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The observed malaria incidence (3.8/10,000 person-weeks of observation) in this study was
lower than that of a previous study from the same area in 2013 (6.8/10,000 child-weeks of
observation) [11]. This may be related to reduced rainfall due to the severe drought that
affected the study area during our study period [35]. During the drought season, the decrease
in rainfall and increase in temperature could decrease the vector density and result in reduced
malaria occurrence [48]. The observed stunting prevalence of 51.5% in August 2015, 50.7% in
December 2015 and 48% in August 2016 in this study was higher than a study from Eastern
Ethiopia (45.8%) [49] and South-West Ethiopia (40.4%) [25]. This could be due to the El Nino
triggered severe drought and food shortage that affected large parts of Ethiopia [35].
In this study, malaria infection preceding an anthropometry survey was a risk factor for
wasting. This could be explained by the potential effect of malaria to influence the host’s nutri-
tion. Malaria could cause an acute weight loss through decreased food intake, and an increased
energy requirement related to illness [50, 51]. Furthermore, children with a malaria infection
need more protein and calories than uninfected children for rapid recovery, as inadequate
food availability could increase the risk factors for under-nutrition. This finding is supported
by a comparable cohort study from Vanuatu Island [28].
In addition, our data show that malaria infection preceding the malnutrition survey was a
risk factor for stunting, and this finding was consistent with a cohort study from Kenya [27]
and Ghana [29], which show a higher risk of stunting among children with malaria. However,
a cohort study from Benin [52] did not observe an association between malaria and a
Table 3. GEE model for wasting in children living in Adami Tullu District in south-central Ethiopia, 2014–2016.
Variable (N = 16,804) Unadjusted Adjusted
OR (95% CI) OR (95% CI) P-value
Gender Boy 1.2 (0.9–1.5) 1.2 (0.9–1.5) 0.25
Girl 1 1
Age in months 6–35 1.5 (1.2–2.0) 1.6 (1.2–2.1) 0.001
36–59 1 1
Malaria infection¥: Positive 8.0 (4.7–13.3) 8.2 (5.0–14.3) <0.001
Negative 1 1
Previous weight-for-height† <-2Z-score 2.4 (0.9–5.9) 2.3 (0.8–5.8) 0.45
-2Z-score 1 1
Wealth Status Poor 0.9 (0.7–1.3) 0.9 (0.7–1.3) 0.66
Middle 0.9 (0.7–1.3) 0.9 (0.6–1.2) 0.51
Rich 1
Education: household head No formal 1.0 (0.7–1.6) 1.1 (0.7–1.6) 0.74
Primary 0.9 (0.6–1.5) 1.0 (0.6–1.5) 0.83
Secondary and above 1 1
Intervention arm IRS+LLINs 0.9 (0.6–1.3) 0.9 (0.6–1.3) 0.45
IRS alone 0.9 (0.6–1.3) 0.9 (0.6–1.3) 0.63
LIINs alone 1.0 (0.7–1.5) 1.0 (0.7–1.4) 0.89
Routine 1 1
¥: malaria illness in the previous months preceding anthropometry survey
†: Weight-for-height 6 months preceding anthropometry survey
OR: Odds Ratio; CI: Confidence Interval
: P <0.05; IRS:
Indoor Residual Spraying; LLINs: Long Lasting Insecticidal Nets
https://doi.org/10.1371/journal.pone.0190983.t003
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subsequent occurrence of malnutrition. This could be due to a difference in study setting, in
which the Benin study was an institutionally based that could be affected by selection bias.
It is well established that under-nutrition weakens the immune system, putting the child at
more risk for infectious diseases, such as diarrhea, measles and respiratory infections [53, 54].
However, concerning the relationship between malnutrition and malaria, different studies
showed inconsistent findings. Unlike our findings, studies from Kenya and Ghana observed a
higher risk of malaria among children with malnutrition compared to those without malnutri-
tion [18, 20]. This could be due to a difference in study design, in which these two studies used
a cross-sectional design that could have less strength to establish the temporal relationship
between the two conditions. A case-control study from Ethiopia reported a higher odds of
malaria among severely wasted children [21], and this could be explained by a difference in the
selection of the cases and controls. In such circumstances, the cases were not comparable with
the controls, and could result in biased findings. Moreover, the use of institutional records
(incomplete or inaccurate) to assess the exposure status could distort the true association in
the path of causality. Nevertheless, another community-based cross-sectional survey in Ethio-
pia did not show malnutrition as a risk marker for malaria [25]. Additionally, a study from
Ghana [29] demonstrated a higher impact of malnutrition on malaria-related deaths among
children, though they did not observe malnutrition as a risk marker for malaria incidence,
thereby supporting our findings. A systematic review of observational studies [55] observed
that most of the studies did not show malnutrition as a risk marker of malaria incidence, but it
could have a negative impact on malaria severity and death. In the same review, it was
observed that malaria was a risk factor for malnutrition, which was in line with our study. On
the contrary, studies by Ahmed et al.[23] and Mitangala et al.[24] observed a lower risk of
Table 4. GEE model for malaria in children living in Adami Tullu District in south-central Ethiopia, 2014–2016.
Variable (N = 16,720) Unadjusted
OR (95% CI)
Adjusted
OR (95% CI) P-value
Gender Boy 0.9 (0.5–1.4) 1.0 (0.6–1.6) 0.93
Girl 1 1
Age in months 6–35 1.1 (0.7–1.9) 1.1 (0.7–1.9) 0.62
36–59 1 1
Height-for-age <-2Z-score 1.2 (0.8–2.0) 1.0(0.6–1.6) 0.89
-2Z-score 1 1
Weight-for-height <-2Z-score 0.9 (0.4–2.0) 0.9 (0.4–1.4) 0.80
-2Z-score 1 1
Wealth index Poor 3.5 (1.9–6.6) 3.3 (1.7–6.3) 0.002
Middle 1.9 (0.9–3.8) 1.8 (0.9–3.6) 0.12
Rich 1 1
Education: household head No formal 0.7 (0.4–1.5) 0.8 (0.3–1.7) 0.52
Primary 1.1 (0.5–2.2) 1.0 (0.4–2.4) 0.92
Secondary and above 1 1
Intervention arms IRS+LLINs 1.5 (0.8–2.9) 1.6 (0.8–3.2) 0.18
IRS alone 1.5 (0.8–2.9) 1.5 (0.7–3.2) 0.26
LIINs alone 1.1 (0.5–2.3) 1.2 (0.5–2.6) 0.72
Routine 1 1
OR: Odds Ratio; IRS: Indoor Residual Spraying; LLINs: Long Lasting Insecticidal Nets
: P <0.05
CI: Confidence Interval; IRR: Incidence Rate Ratio
https://doi.org/10.1371/journal.pone.0190983.t004
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malaria parasitemia among children with severe malnutrition. In our study, we used the RDT
results and we did not assess the relationship between malnutrition and parasitemia or malaria
by severity category.
This study had some limitations. The observed malaria incidence in this study (3.8/10,000
person-weeks) was lower than findings from the same area (8/10,000 person-weeks among the
general population and 11/10,000 person-weeks among children) prior to our trial [11]. The
lower malaria incidence could mainly be due to the decrease in rainfall and an increase in tem-
perature during the trial period. In Ethiopia, a high prevalence of asymptomatic malaria infec-
tion was reported [56, 57], and studies also showed a high prevalence of anemia among
asymptomatic plasmodium carriage [58]. In the current study, we did not assess asymptomatic
malaria infection. In rural Ethiopia, only 57% of the infants were exclusively breast fed [59],
nearly 50% of households were food insecure [60] and over half of children were infected with
intestinal helminthes such as hookworm and schistosomiasis [61, 62]. Even so, we did not col-
lect data on food security, breast feeding practices, micronutrient deficiencies and the occur-
rence of intestinal helminths infections such as hookworm and schistosomiasis that could
contribute to increased prevalence of under-nutrition. Our previous work from same popula-
tions [45] showed a high anemia prevalence, and that stunting and malaria were contributing
to the risk of anemia.
In conclusion, the data showed that malaria was a risk factor for stunting and wasting.
Meanwhile, neither stunting nor wasting was associated with increased risk of malaria infec-
tion. As our study shows that malaria is a risk factor for subsequent stunting, a close follow-up
of the nutritional status of such children may be needed.
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